The standard chemical thermodynamic properties of phenol, o-cresol, m-cresol, and p-cresol were calculated by use of the rigid rotor harmonic oscillator approximation. The partition functions for internal rotation of -OH and -CH3 groups were calculated as a direct ·sum over the internal rotation energy levels. It was assumed that n-l'rf'!':ol i!': .. mixture of two rotational isomers. Values of molf'('ular pArAmf'tf'rS, fundAmental frequencies, potential barriers to internal rotation and enthalpies of formation were selected from among those reported in the lit· erature and from some additional molecular orbital calculations.
Values for these properties were computed at the pressure of one atmosphere (101325 Pa) and temperatures from 0-1500 K, using selected· values of molecular parameters, vibrational frequencies, and potential barrier heights and assuming a rigid-rotor harmonic oscillator approximation. The internal rotation contributions to the thermodynamic properties for each compound were calculated by the use of a partition function formed by summation of the calculated internal rotation energy levels. These energy levels were obtained from an approximate solution of the Schroedinger equation using the potential functiom;
(1) and
(2) for -OH ·and -CH3 groups, respectively, where V 2 and V3 are potential barrier height~ and () is the angle of internal rotation.
In these calculations, recent values of physical constants
[2] and atomic weights [3] were used. The values of enthalpy and Gibbs energy function of elements C [4], H [5] , ~md 0 [5] in their standard reference state were used.
The uncertainties in the calculated thermodynamic properties due to the uncertainties in the various molecular parameters are given below. 
Jr-ng
Jr-ng ± 0.4 kJ mol-I 2. Phenol Kojima [6] , Forest and Dailey [7] , and Pedersen et al. [8] reported the molecular parameters for phenol from their microwave measurements. Pedersen et al. have now concluded with certainty that 'phenol is planar in its equilibrium configuration. We have adopted their values of molecular parameters and moments of inertia in these calculations, and they are presented in table 1.
The vibrational frequencies were reported by Evans [9] , Green The literature gives various values of potential barrier heights as follows: 1100 [14] , 1190 [15] , 1207 [16] , 1213 [13] , 1215 [11] , 1244 [17] , and 1266 cm- Cox and Pilcher [19] critically reviewed the enthalpies of formation for phenol and recommended the value reported by Andon et al. [20] . We adopted the same value in this work.
Ideal gas thermal functions were calculated using the data from tables I and 2 and are presented in table 3. For comparison, the third law entropies were obtained as follows. The ex-THERMODYNAMIC PROPERTIES OF PHENOL AND CRESOLS 419 perimental heat c~pacity data for solid and liquid [21] were fitted to the equations and the following values of entropy were obtained. S(s, 298.l5 K}=143A3±0.42 J K-l mol-1 and S(I, 400 K)=238.86±0.84 J K-1 mol-to Using these values plus vapor pressure data [22] and enthalpy of sublimation [20], ideal gas entropies were obtained ( 
o-Cresol
No microwave measurements are reported in the literature for o-cresol. Bois [25] [26] reviewed the spectral work of various workers [27,28,29J and also reported the partial assignments for o-cresol. Green et a1. [12] reported all the vibrational frequencies except CH3 torsion from their in~ frared and Raman spectral measurements. They observed a doublet for d (0 H) which they attributed to the two isomers of o-cresol. Recently, Carlson and Fateley [30] studied the low frequency spectra of o-cresol and deuterated o-cresol (0 D). They found that in dilute cyclohexane solution, the torsional region is more complex than for any other substituted phenol. It contained three bands of equal intensity. However, they observed only one torsional band for deuterated o-cresol and hence could not conclude whether there is only one, two or three isomers for o-cresol.
From our M.O. calculations [1, 31] it has been shown that the strong interactions between the rotation of the OH and CH 3 groups result in two identifiable rotational isomers, and the two OH torsional bands, 322 and 297 cm-1 observed by [30] are accordingly assigned to the cis and the trans isomer, respectively. The band at 266 cm-1 is assumed to be present due to some unidentified splitting.
Green et al. [12] assigned it to V21.
The M.D. calculations obtained the potential barrier height of 8.673 kJ mol-1 for the CH 3 rotor of the cis isomer and 0.360 kJ mol-l for the trans. Here the methyl group of the trans is considered to be a free rotor as the potential barrier is very low. The other fundamentals for o-cresol are listed in table 2 and were assumed to apply to both isomers. These are the same as given by Green et al., [12] except that 266 cm-1 was replaced by 275 cm-1 as recommended by Carlson and Fateley [30] .
The enthalpy of formation at 298.15 K reported by Andon et al., [20] and recommended by Cox and Pilcher (19] was adopted by us.
The ideal gas thermodynamic properties based on the above model (two rotational isomers) were calculated using the data given in tables 2 and 5. The potential barrier heights of the OH rotor for the two isomers were obtained by the usual procedure [32] . The internal rotation energy levels for the OR rotor were calculated from the potential function where (J and a are the rotational angl~ and symmetry number respectively. VI and V 2 were calculated from the following relationships (4) (5) where AE=energy difference between the two isomers, and Va is the barrier height of the cis i'somer. The energy levels obtained from equation (3) were separated into subsets for the two isomers. The energy levels for the CH 3 rotor were ob-tained from equation 2. The calculated thermodynamic properties for the equilibrium mixture of two isomers are presented in table 6 and the composition of the equilibrium mixture  at various temperatures is presented in table 7 .
The comparison of observed and calculated entropy is shown in table 4. The discrepancy is close to the experimental uncertainty. The vibrational assignments are less wel1-determined, and though the agreement of the computed and experimental entropy is satisfactory, it is not a sufficient argument fur the proposed assignment. Green's [lOa] values are higher than ours though he considered only one rotational isomer for o-cresol. This is because he used one extra low vibrational frequency (190 em-I) and lower potential barrier height (3100 cal mol-I) for the OH rotor.
m-Cresol
No microwave measurements are reported in the literature for m-cresoI. Bois [34] reported the crystal structure with siX sets of molecular parameters. As in case of o-cresol, molecular orbital calculations were carried out and the molecular parameter~ obtained are given in table 8.
Partial vibrational assignments were made by several workers [26, 27, 28, 35] . Green et al. (12] reported complete vibrational assignments except for the CH 3 torsion. They observed some doublets which they attributed to the presence of two isomers. Manocha et al. [36] studied the far infrared spectrum of m-cresol in the vapor phase and observed two torsional transitions, 311 cm-1 (0-1) and 279 cm-1 (1-2). They assumed very small difference between the trans and the cis isomer, which seems to be true from our molecular orbital calculations. Hence we have adopted the vibrational frequencies of Green et aI., and vT~311 cm-1 (table 2) .
The potential barrier height for the OH rotor was obtained using v T =311 cm-1 (32]. No torsional frequency for the CHl rotor is reported. From the molecular orbital calculation s [1], it was found that in m-cresol the CH 3 rotor behaves as a free rotor and hence, we have assumed it to be so. ' -The enthalpy of formation at 298.15 K reported by Andon et al. [20] and recommended by Cox and Pilcher (19] was adopted by us. . The ideal gas thermodynamic properties were calculated using the data given in tables 2 and 8 and presented in table 9. The contribution to the thermodynamic properties of two isomers was obtained by adding Rln2 to So and -(Go-Hg)/T. As in phenol, the calculated entropy value agrees wp.lI with the third law entropy value [33] at 400 K but not at 298.15 K (table 4) . The same justification proposed by the authors for phenol applies here. However, this is not conclusive proof that the vibrational assignments are well determined.
p-Cresol
No microwave measurements are reported for p-cresol. Bois [37] reported the crystal structure with two sets of molecular parameters. As in the case of 0-and m-cresol, a set of molecular parameters was obtained from molecular orbital calculations [I] and is given in table 10. m-, and p-creso}s, excluding OR torsion, were compared, the V30 (338 em-I) was suspect and we feel it should be 282 cm-l which was observed by Biswas (281 in the Raman spectrum. The better agreement between· the experimental and calculated entropies with the use of 282 cm-1 has made us adopt this fundamental. Howe~er, this should be studied further. The adopted frequencies are given in table 2.
The potential barrier height for OH rotor was obtained
[32] from v T =298 cm-1 • AB expected the CR 3 rotor is found to behave as a free rotor from the M.O. calculations.
Andon et aI., f20] reported the enthalpy of formation at 298.15 which is recommended by Cox arid Pilcher. We have adopted the same value. Ideal gas thermodynamic properties were calculated using the data from table 2 and 10 and are reported in table II. The internal rotation contribution was obtained by the procedure mentioned earlier using the symmetry number two for the OH rotor and three for the free CHj rotor.
As in the case of phenol and m-cresol, the calculated entropy of p-cresol agrees well with the third law entropy at 400 K but not at 298.15. Even for p-cresol the agreement at 400 K is not a sufficient argument for the proposed vibrational assign men ts. 
